The inoculum levels used were 500, 1000, 1500 and 2000 eggs per plant. 'Tupi IAC 1669-33' and 'IPR 100' presented 
INTRODUCTION
Nematodes of Meloidogyne genus cause many problems for brazilian coffee crop provoking great losses for yield and coffee quality due to destruction of root system. Beyond the direct losses for yield, Gonçalves et al. (2004) reported the indirect losses caused by the nematodes such as lesser frost and drought damages and partial loss of the efficiency of some fertilizers.
In Brazil, M. exigua is important due to the wide geographic distribution, and M. paranaensis and M. incognita for the high intensity of damage (Gonçalves et al. 2004) . M. paranaensis has been identified with more frequency in the states of Paraná (Krzyzanowski et al. 2001) and São Paulo (Lordello et al. 2001 ).
Resistant cultivars are one of the most efficient, viable economically and ecologically correct strategy to use in infested farms. Some arabic coffees carrying C. canephora genes such as the derivatives of germplasms Icatu, Sarchimor and Catimor present resistance to M. exigua, M. incognita and M. paranaensis (Gonçalves and Silvarolla 2001) . As few arabic coffee cultivars present resistance to Meloidogyne spp., currently, for infested areas with nematodes, rootstock cultivars like Apoatã IAC 2258 (Coffea canephora Pierre) that presents resistant to several Meloidogyne species and races become recommended. However, the cost of these grafted plants is high, when compared to non grafted plants of C. arabica L. Thus, the attainment of resistant arabica cultivars to nematodes is of great importance. GH Sera et al. Many resistance sources to M. incognita were identified, however, for M. paranaensis few resistance sources were identified. Sera et al. (2007) reported that 'IPR 100', inoculated with 500 eggs per plant, presented more resistance to M. paranaensis than 'Mundo Novo IAC 376-4'. Mata et al. (2000a) reported that the IAPAR 88480-8 selection of the Tupi IAC 1669-33 cultivar (Sarchimor) could be a resistance source to M. paranaensis, therefore progenies derived from the hybridizations between this genotype with the Icatu Amarelo IAC 2944 cultivar (susceptible) presented resistance.
The aim of this research was to evaluate the resistance degree of the Tupi IAC 1669-33 and IPR 100 cultivars at different inoculum levels of M. paranaensis.
MATERIAL AND METHODS
The experiment performed in a green house was established April 27 th 2006, at the Instituto Agronômico do Paraná (IAPAR), in Londrina, Paraná State, Brazil (lat. 23º 22' S; long. 51º 10' W).
The Tupi IAC 1669-33 (IAPAR 88480-8 selection, derived from Villa Sarchi CIFC 971/10 x Híbrido de Timor 832/2), IPR 100 (Catuaí S H 2, S H 3) and Catuaí Vermelho IAC 81 (Caturra Amarelo x Mundo Novo) cultivars were evaluated. The last one was considered as the susceptible standard.
The inoculations were carried out in plants with six pairs of leaves planted in recipients with 14.0 cm in height, 3.5 cm of internal diameter at the superior opening, 1.5 cm of diameter at the inferior opening and with 120 mL of volume, approximately. The used substratum was the Plantmax and the fertilizer was the Osmocote at 0.8 %. The inferior opening was sealed with isolating tape. The experimental design was randomized blocks in factorial scheme 4 x 3, with three replications and one plant per parcel.
The initial inoculum originated from soil and roots of susceptible coffee plants, from infested areas by M. paranaensis. Host differential plants were used to confirm that the inoculation was being accomplished with M. paranaensis. Later, the inoculum was multiplied in coffees. For the preparation of inoculum, the technique of attainment eggs and juveniles proposed by Taylor and Sasser (1978) was used.
The M. paranaensis inoculum levels used per plant were 500, 1000, 1500 and 2000 eggs. Eighty days after inoculations, the roots were colored with floxina B for evaluation of the nematode reproduction by the galls and egg masses index (GEI) and by the number of eggs per gram of roots (NE g -1 ).
For the GEI variable, the score scale varying from 1 to 6 (Taylor and Sasser 1978 modified) was used, where score 1 = absence of GE; score 2 = 1 to 2 GE; score 3 = 3 to 10 GE; score 4 = 11 to 30 GE; score 5 = 31 to 100 GE; score 6 = more than 100 GE.
The analysis of variance and the Tukey test at 5 % to compare the means were previously performed for the GEI variable. The data were transformed by √x.
Based on the number of eggs per roots the reproduction factor (RF) was calculated using the formula RF = Pf/Pi, where Pf is the final population of nematodes and Pi is the initial population (Sasser et al. 1984) . The nematode populations present in the roots of the plants were considered as Pf. The roots of the three plants of each inoculum level were used to estimate the number of eggs.
The host susceptibility index (HSI) and reduction in the reproduction factor (RRF) were used to classify the resistance reactions of the coffee plants. The HSI was estimated based on the NE g -1 of roots of the treatments divided by the NE g -1 of roots of the susceptible standard. Through the HSI express in percentages, the modified Fassuliotis's classification (1985) of the resistance reactions was adopted, where: immunity = 0%; resistant = 0.1 to 10.0%; moderately resistant = 10.1 to 25.0%; susceptible = more than 25.0%. Also, the modified Moura's classification (1997) cited by Ribeiro et al. (2005) was adopted based on the reduction in the reproduction factor (RRF). The used formula was: RRF = RFs -RFt/ RFs x 100, where RFs is the reproduction factor of the susceptible standard and RFt is the reproduction factor of the treatments. The resistance reactions of the coffee plants, following the RRF scale, were: immune = 100.0; highly resistant = 99.9 to 96.0; resistant = 95.9 to 90.0; moderately resistant = 89.9 to 75.0; susceptible = less than 75.0.
RESULTS AND DISCUSSION
The experimental variation coefficient of the variable galls and egg masses index was 15.34%, indicating good experimental precision.
Reaction of coffee cultivars Tupi IAC 1669-33 and IPR 100 to nematode Meloidogyne paranaensis
At the inoculum level 500 eggs per plant of Meloidogyne paranaensis, statistical differences for the variable galls and egg masses index (GEI) were not observed. At the 1000 eggs level, there were no differences between 'Tupi IAC 1669-33' (selection IAPAR 88480-8) and 'IPR 100', with these two cultivars presenting lesser GEI than 'Catuaí Vermelho IAC 81'. At 1500 eggs, 'Tupi IAC 1669-33' didn't differ from IPR 100 and the susceptible standard Catuaí Vermelho IAC 81. However, at this inoculum level the susceptible standard presented higher GEI than 'IPR 100'. With 2000 eggs per plant, 'Tupi IAC 1669-33' and 'IPR 100' did not differ in comparison to 'Catuaí Vermelho IAC 81', but 'IPR 100' was more resistant to M. paranaensis than 'Tupi IAC 1669-33'. These results indicated that 'Tupi IAC 1669-33' presented the same degree of resistance as the 'IPR 100' until 1500 eggs per plant. By the mean of the four inoculum levels of each cultivar, 'Tupi IAC 1669-33' (3.75) and 'IPR 100' (3.34) presented lesser GEIs than 'Catuaí Vermelho IAC 81' (4.67) ( Table 1) .
For the Tupi IAC 1669-33 cultivar significant increases for the GEI variable occurred starting at the 1500 eggs inoculum level. However, for 'Catuaí Vermelho IAC 81' this increase occurred starting at the 1000 eggs inoculum level. For 'IPR 100' the GEI increases weren't observed, indicating that this cultivar could present minor genes or other resistance genes that conferred a higher degree of resistance than 'Tupi IAC 1669-33' (Table 1) .
By the modified Moura's classification (1997) cited by Ribeiro et al. (2005) and by the host susceptibility index (HSI) (modified from Fassuliotis 1985) , the cultivars IPR 100 and Tupi IAC 1669-33 were moderately resistant at the 500 and 1000 egg inoculum levels and as susceptible with 1500 and 2000 eggs. Although classified as susceptible at inoculum levels of 1500 and 2000 eggs, the IPR 100 a n d T u p i I A C 1 6 6 9 -3 3 c u l t i v a r s p r e s e n t e d reproduction factors much lower than 'Catuaí Vermelho IAC 81' ( Table 2) .
The M. exigua species is less aggressive than M. paranaensis and M. incognita (Gonçalves and Silvarolla 2001) . The M. paranaensis aggressiveness could be the reason for the susceptibility of the IPR 100 and Tupi IAC 1669-33 cultivars starting at the 1500 eggs per plant level. Thus, it is probable that the amount of eggs and juveniles used in the resistance evaluation for M. paranaensis and M. incognita must be lower than for M. exigua or for less aggressive races of M. incognita. The inoculum level for resistance tests to M. paranaensis could be 1000 eggs, because at this level IPR 100 and Tupi were classified as moderately resistant. Sera et al. (2006) using similar methodology to this research with 500 eggs per plant also reported the possibility of changes in the resistance reaction in rootstock selections of Coffea canephora inoculated with M. paranaensis and M. incognita races 1 and 2 due to aggressiveness differences of these nematodes. Sigüenza et al. (2005) evaluated the effect of different inoculum levels of M. incognita on susceptible melons grafted onto resistant rootstocks. These authors observed that on high inoculum densities (10000 and 100000 eggs/3.5 liter pot) the gall rating and final nematode population (eggs/root system) of the melon grafted on resistant rootstock were statistically equal in comparison with susceptible non-grafted plants. Although statistically equal, these parameters presented inferior means in grafted plants. The hypothesis of the authors was that the high temperature of the soil in the greenhouse experiment (average 24.7 ºC) favored the activity and reproduction rate of M. incognita and reduced the difference among treatments. In other research with tomatoes, the M. javanica population was unable to break the resistance of the cultivar Rossol (resistant) at low temperatures but was able to reproduce this cultivar when the average maximum temperature exceeded 33 ºC. At high temperatures the resistance of the Rossol cultivar was broken but the reproduction of the M. javanica strain was still significantly lower than that observed on the susceptible Roma cultivar, indicating a resistance expression modified by temperature (Prot 1984) .
Therefore, beyond the high initial population densities and high aggressiveness of M. paranaensis, the soil temperature could have influenced the nematode reproduction on the IPR 100 and Tupi IAC 1669-33 cultivars, modifying the degree of resistance.
The change of resistance reaction in cultivars with a high level of resistance such as the Apoatã IAC 2258 cultivar (Coffea canephora Pierre) could not occur. It is possible that cultivars with partial resistance such as 'IPR 100' and 'Tupi IAC 1669-33' present the same major gene(s) of resistance, however they do not present minor genes present in 'Apoatã IAC 2258'. In the Cucumis species tested with different inoculum levels of M. incognita race 3 by Nugent and Dukes (1997) , genotypes of Cucumis melo with partial resistance presented higher increases of nematode eggs in comparison to the susceptible control in high inoculum levels such as 5000 eggs per seedling. Apparently, changes of resistance degrees in Cucumis melo genotypes with partial resistance occurred, whereas for Cucumis metuliferus C701A (resistant control) this change did not occur.
In resistant sugar beet cultivars the yield decreased at high initial population densities of beet cyst nematode (Heterodera schachtii) (Heijbroek et al. 2002) . The moderate resistance of the 'Tupi IAC 1669-33' observed in this research could be enough for the field condition population. The IPR 100 cultivar was considered a resistance source to M. paranaensis with normal yield for 12 years in highly infested areas (Mata et al. 2000b ) and with artificial inoculation in a green house (Sera et al. 2007 ) at IAPAR. However, it is possible that higher population levels of this nematode would present reductions in yield without the death of coffee plants. 'IPR 100' and 'Tupi IAC 1669-33 ' must be evaluated in infested field by M. paranaensis to conclude the value of partial resistance or ought to be used after a population reduction and nematode population management at the farm level. It is probable that this change of the resistance reaction due to high inoculum pressure does not occur in adult plants at field conditions, therefore these could express different genes in comparison with the young plants tested in the laboratory. Probably, adult plants present the 1 Three plants of each inoculum level were used to estimate the number of eggs and the root weight 2 Reaction of the coffee plants according to the modified criterion of Moura (1997) cited by Ribeiro et al. (2005) , where: I = immune, HR = highly resistant, R = resistant, MR = moderately resistant and S = susceptible 3 Reaction of the coffee plants using the hostess susceptibility index (HSI) modified of Fassuliotis (1985) , where I = immune, R = resistant, MR = moderately resistant and S = susceptible 4 Table 2 . Average values for the number of eggs per gram of root (NE g -1 ), reproduction factor (RF), reduction in reproduction factor (RRF), host susceptibility index (HSI) and reactions of the Catuaí Vermelho IAC 81 (Catuaí V.), IPR 100 and Tupi IAC 1669-33 selection IAPAR 88480-8 (Tupi) cultivars 80 days after inoculation with M. paranaensis at four inoculum levels formation of new roots faster than in young plants in pots or present more efficient resistance or tolerance mechanisms. So, in high inoculum levels in field conditions such as 1500 and 2000 eggs of this research, other control methods could be necessary for these two cultivars.
More studies are necessary on the inoculum levels of M. paranaensis that must be used in the selection of resistant coffee plants to prevent the elimination of genotypes with partial resistance. So, new research with more inoculum levels could be carried out to make the regression analysis and to verify the reaction of the resistant and partial resistant coffee cultivars under high initial population densities such as 5000 eggs of M. paranaensis. Field experiments must be made to evaluate the behavior of the cultivars with partial resistance in field conditions.
